ABSTRACT: Targhee ewes with single or twin lambs were used in four trials during early lactation through weaning to evaluate ewe milk production (MP), kilograms of lamb weaned, and forage intake by ewes and lambs. During Trial 1, ewes with lambs were individually penned, fed .45 kg of barley-ewe-l-d-l and allowed ad libitum access to chopped alfalfa hay. Trials 2, 3, and 4 were conducted on three different types of Western range environments. Forage intake of ewes in Trials 2, 3, and 4 and of lambs in Trials 3 and 4 was estimated using chromic oxide. Estimates of milk production were obtained by hand-milking. Average lamb age was 4, 50, 78, and 106 d at the beginning of Trials 1, 2,3, and 4, respectively. Milk production was greater ( P = .01 j for ewes nursing twins than for those nursing singles at d 4 and 14 in Trial 1. In Trials 2, 3, and 4, all ewes had similar ( P > .18) milk production. Ewe DMI during Trials 1 and 2 was greater ( P < .05) for ewes nursing twin lambs than for those nursing singles.
Introduction
Studies on the relationship between ewe milk production and forage intake by lambs have been limited to early-weaned lambs (Peart, 1982) . Milk consumption is an important factor influencing lamb growth during the first 3 to 4 wk of life. Peart (1982) suggested that after peak lactation, forage intake by the lamb increases t o compensate for the decreased milk intake. However, the relationship between forage intake and milk consumption is not well understood. Ansotegui et al. (1991) found that calves receiving less milk had higher intake of forage than calves receiving more milk. Snowder and Glimp (1991) reported that ewes suckling twin lambs had greater milk production than those nursing singles and that twin lambs induced a greater magnitude of difference in dam milk production later in lactation ( 7 0 to 98 d ) .
The changing proportions between (and relative importance of) milk vs solid food in lamb diets as they influence lamb growth are poorly understood (Peart, 1982 j . The objectives of this study were 1) t o describe forage intake, milk production, and lamb production of Targhee ewes nursing either single or twin lambs during different stages of lactation under different drylot and grazing conditions, and 2 ) to develop regression equations to describe the variation in lamb growth.
Materials and Methods
Thirty Targhee ewes (2 t o 7 yr of age) were used in four trials beginning 4 d postpartum and continuing until weaning. Half the ewes had twin lambs and the Trial 2. In Trial 2, ewes and lambs grazed spring sagebrush-bunchgrass rangeland (elevation 1700 m, In Trials 2 and 3, sheep were allowed free range of the study pastures. In Trial 4, the study site was not fenced; therefore, sheep were penned each night at dusk. Sheep were released from pens every morning at 0500 and allowed to graze throughout the day. Sheep were observed but not herded.
Milk Production. Milk production was measured on d 4 and 14 postpartum ( k 1 d ) during Trial 1. In each subsequent pasture study, milk production was measured on d 5 of the trial. This corresponds to an average of 50, 78, and 106 d postpartum for Trials 2, 3, and 4, respectively. At 1030, ewes were moved to pens and separated from their lambs. Milk letdown was artificially stimulated before hand-milking by intrajugular injection with oxytocic principle. Two hours later the procedure was repeated and the milk volume was measured (Reynolds and Brown, 1991) . This amount of milk represented 2-h milk production. Actual time varied between individual milking for each ewe. In Trials 3 and 4, an interval of 3 h was used between milking. This interval corresponds to normal suckling intervals of lambs at this age (Ricordeau et al., 1960) . All milk production measurements were adjusted to a 2-h production period.
Diet Sampling. Alfalfa and barley samples were collected during Trial 1. In Trials 2, 3, and 4, assessment of diet quality was determined by collecting ingesta samples from three ruminally cannulated wethers grazing the study site. Rumens were totally evacuated before wethers were allowed to graze for 30 min with the other sheep. After the 30-min grazing period, ruminal ingesta samples were collected, and the original ruminal contents were replaced. Samples from all trials were dried at 60°C for 24 h, airequilibrated, then ground through a Cyclone mill ( 1 -mm screen), air-equilibrated, and stored in airtight containers. Ingesta samples were analyzed by wether within trial and then averaged within trial ( Table 1 ) .
Forage Intake. In Trial 1, feed offered and refused was weighed daily for each ewe. In the grazing trials, ewe forage intake was estimated using a continuous release chromic oxide bolus (Captec Chrome; Nufarm Ltd., Auckland, NZ). Boli were administered to the ewe orally on d 1 of each of the grazing trials. After 6 d, fecal samples were collected daily for 7 d. Lamb forage intake in Trial 3 was determined by daily oral dosing with a gelatin capsule containing .5 g of chromic oxide. This method was used instead of the continuous release bolus because of the small size of the lambs. In Trial 4, the lambs were large enough to accommodate the larger continuous release bolus. Boli were administered in the same manner as described for ewes.
Daily fecal grab samples were taken on d 7 through 14 on all pasture studies. In Trials 2 and 3, ewes and lambs were gathered at 1030 each morning. Sheep were herded into a portable pen and restrained within an alleyway where fecal samples were collected from each individual. Immediately after sampling, sheep were returned to the study pasture. In Trial 4, fecal collections were taken at 2100 after sheep had been penned for the night.
To monitor precision of bolus release of chromium, plunger travel of the boli was measured in three ruminally cannulated wethers, each receiving two boli (Parker et al., 1989) . The starting point of each plunger was marked and then the boli were tethered to the cannula. Every other day after the initial 6-d equilibration period, the distance traveled by the plunger was measured and a new starting point marked. There was no difference in plunger travel within trial; therefore, release rates were considered equal and the manufacturer's recommended release rate of 165 mg of CrzOdd was used in subsequent calculations.
Chemical Analyses. Dry matter, ash, and nitrogen of all diet samples were determined by AOAC (1984) standard procedures. Neutral detergent fiber, ADF, and ADL content of ingesta, alfalfa, and barley samples were determined by the non-sequential procedures of Van Soest and Goering (1970) . In vitro organic matter digestibility ( OMD) of diet samples was evaluated using the procedure of Tilley and Terry (1963) . Ruminal inoculum was provided by five ruminally cannulated yearling wethers that were penfed alfalfa hay ( Medicugo sativa).
Fecal samples were prepared for chromium analyses by digesting l g of ashed fecal sample in a phosphoric acidmanganese sulfate solution ( 3 mL) and a potassium bromate solution ( 4 mL; Williams et al., 1962) . Samples were digested in 45-mL silica basins covered with a watch glass on a hot plate until effervescence ceased or a purple color was observed. After cooling, samples were washed into 100-mL volumetric flasks and brought t o volume with reagentgrade water and 25 mL of a 5,000 ppm Ca solution. The solution was then filtered through ashless filter paper. Fecal chromium concentration was determined by atomic absorption spectroscopy with a nitrous oxide/acetylene flame (Galyean, 1988) . Fecal samples obtained from sheep prior to dosing with the chromic oxide bolus ( 0 h ) were used to screen for background chromium contamination from natural sources, as well as from previously administered boli. Six standards were made for each individual trial with their respective zero-hour digests (100 mL). Chromium standards were 0, 1, 2, 3, 4, and 5 ppm.
Data Analyses. Ewe and lamb forage intake during grazing trials was calculated as marker-estimated fecal output divided by in vitro estimates of indigestibility. Ewe milk production and DMI by ewes and lambs within period were analyzed as a completely random design with type of birth as the fixed effect using the GLM procedures of SAS (1988). Pearson correlation coefficients were determined between all ewe and lamb variables for Trials 3 and 4. Variables measured were ewe DMI, ewe MP, ewe BW change, lamb DMI, and lamb BW. Models for predicting lamb BW for Trials 3 and 4 used independent variables that were selected from correlation analyses. These variables were ewe MP, lamb DMI, and lamb age.
Results and Discussion
Milk Production. The number of nursing lambs was a major influence on ewe 2-h milk production during early lactation (Table 3) . At 4 and 14 d postpartum, milk production was greater ( P = .01) for ewes nursing twins than for those nursing singles. In Trials 2, 3, and 4, at an average of 50, 89, and 106 d postpartum, respectively, milk production did not These results support those previously published by Gardner and Hogue (1964) in which there was a substantial difference in milk production between ewes suckling single vs twin lambs in the 1st wk of lactation and milk production became equal after the 10th wk of lactation. However, Snowder and Glimp ( 19 9 1 ) reported contradictory findings in which ewes suckling twins during late lactation (78 to 98 d postpartum) produced a milk yield 71 to 149% higher than that of ewes suckling singles. Milk production in ewes with single lambs did not decline as rapidly as did milk production in those with twins.
Ewe Intake. Ewe DMI during Trials 1 and 2 was greater ( P < .05) for ewes nursing twin lambs than for those nursing singles (Table 4 ). This higher level of intake corresponds to the higher milk production by ewes with twins at this time. There was no difference ( P > .88) between ewes with single and ewes with twin lambs in Trials 3 and 4. Forbes (1970) and Kleeman et al. ( 1984) also found that ewes nursing twin lambs had a 20% higher intake. This pattern of intake agrees with work by Hutton (1963) and Owen et al. (1968) in which intake increased with milk yield and then either remained steady or declined slowly as milk yield decreased. Lamb Intake. Forage DMI by twin lambs, expressed as either kilograms.ewe-l.day-l or as a percentage of BW was higher ( P = .01 j than intake by single lambs in Trials 3 and 4 ( Table 5 ) . This would be expected when intake is expressed as kilograms+ewe-l.day-l, because forage intake by twins represented the intake by both lambs. This agrees with data reported by Kleeman et al. (1984) and Gardner and Hogue (1964) that twin lambs had a greater intake than single lambs. Langlands (1972 Langlands ( , 1973 found that lambs receiving less milk tended to increase their forage intake to compensate for decreases in milk intake.
Lamb Body Weight. Total weight gain of twin sets was much greater than the weight gain of single lambs (Table 6 ). This type of growth pattern was also observed by Torres-Hernandez and Hohenboken (1980) . Although ewes that reared twins produced more milk during early lactation than did ewes that reared single lambs, less milk was available to each individual twin lamb than to each single lamb. Milk production seems t o be a more limiting factor for growth in twin lambs than in single lambs. Table 7 . These correlations characterize the relationship of ewe milk production, ewe DMI, ewe BW change, lamb DMI, and lamb BW. For single lambs, correlations indicate that ewe DMI and ewe MP during Trial 3, and, more importantly, lamb DMI, were the most influential variables determining lamb weight at the conclusion of either Trial 3 or 4. As expected, it was also evident that as the lactation period progressed (from Trial 3 to Trial 4 ) lambs were more dependent on forage intake and less dependent on ewe MP. This observation would coincide with the decline in MP during late lactation shown in Table 3 .
Our observation relating the significance of lamb forage intake on lamb performance agrees with data reported by Ansotegui et al. (1991) forage intake. Moreover, these researchers reported a strong negative relationship between MP by the dam and forage DMI by the calf.
Correlations for twin lamb variables did not show the relationships presented in the data describing single lambs (Table 7) . The higher correlations among single lambs may be explained by the higher availability of milk to single lambs. Milk consumption by single lambs is less of a limiting factor on lamb growth rate because milk intake by single lambs may more nearly approach ad libitum consumption. In twin lambs the ewe's milk production is likely to be more of a limiting factor on twin growth rate ( H e n et al.,
1963).
Predictions for Lamb Body Weight. The regression equation for predicting lamb BW of single lambs in Trials 3 and 4 was BW = PO + P1 ewe MP + 0 2 lamb DMI + P3 lamb age ( Table 8 ) . Independent variables used in these regression equations were selected from results of the correlation analyses ( Table 7) . The R2 values for predicting lamb BW for Trials 3 and 4 were .94 ( P = .01) and .74 ( P = . O l ) , respectively. Ewe MP had strong predictive importance in Trial 3 ( P = .01) but not in Trial 4. As a single variable, lamb DMI accounted for 37 and 66% of the variation in single lamb BW for Trials 3 and 4, respectively. Using these same independent variables, regression equations were developed for the twin lamb data set. No variable seemed t o have an important ( P > .lo) predictive value. Torres-Hernandez and Hohenboken ( 1980) also experienced difficulty in developing regression equations for predicting preweaning BW gains for twin lambs.
Implications
No one static factor can account for variation in body weight of lambs grazing irrigated meadows and alpine ranges. The relationship among ewe milk yield, dry matter intake by lambs, and weight of lambs, particularly a t weaning, is not yet clearly understood. Although dry matter intake by single lambs during late lactation is highly correlated with weaning weight, and is possibly a major factor influencing it, this relationship is not confirmed with twin lambs. Gross estimates of forage intake and milk consumption by lambs are certainly factors to be considered when one evaluates variation in lamb weaning weights. However, change in milk yield over time and its relation to, or impact on, the rate at which a young lamb becomes a fully developed and experienced ruminant may be more important in determining lamb weights than estimates of total milk production and dry matter intake.
